INBORN ERRORS OF IODINE METABOLISM
Garrod,4 in I908, introduced the term ' inborn errors of metabolism' to describe biochemical abnormalities which were genetically determined, present throughout life and relatively non-lethal. He suggested that it would ultimately be possible to attribute the biochemical aberrations found in these conditions to specific enzyme defects. Recent work5 has confirmed the validity of Garrod's ideas to a remarkable extent, and has extended them to a considerably greater range of conditions than the four originally considered by him (albinism, alcaptanuria, cystinuria and pentosuria). One of the most fruitful of these extensions has been to certain types of thyroid disease.16 These defects (collectively known as ' sporadic goitrous cretinism ') conform extremely well to Garrod's definition, for they are hereditary, congenital, persist through life, and are relatively non-lethal. The fact that they are accompanied by gross structural changes (goitre, cretinism) does not by any means exclude them from the group defined by Garrod, for these structural changes are merely anatomical reflections of the underlying biochemical defect. Although existing evidence cannot be regarded as conclusive, most authors are agreed that the biochemical defects consist essentially of absence or inadequacy of one or more of the enzyme systems which collectively enable the thyroid gland to produce its hormones (thyroxine and triiodothyronine).
Clinical Aspects
It is easy enough to deduce from physiological principles what the clinical effects of a block in thyroxine synthesis will be. The first effect of the resulting low levels of circulating thyroxine is stimulation of the anterior pituitary to produce more of its thyroid-stimulating hormone (T.S.H.). This causes hyperplasia and hypertrophy of the thyroid, and a goitre is formed. Hence the goitre may not unreasonably be regarded as an attempt to compensate for the block in thyroxine synthesis. In the cases described as sporadic goitrous cretins, this attempt at compensation has clearly failed, and-the usual manifestations of hypothyroidism during the growing period can be plainly seen. When the degree of hypothyroidism is severe the child's whole development, physical and mental, is drastically slowed down; and the characteristic puffy face, thick lips, large tongue and dry, coarse skin appear. The extent to which thyroxine synthesis is interfered with may, however, vary within wide limits in this group of cases. Occasionally one of the less severely affected cases may escape detection during childhood, and present during adult life with the evidence of past hypothyroidism clearly shown by the infantile proportions, distorted femoral head and enlarged pituitary fossa. 17 The cases with the grossest metabolic errors were naturally enough the first to be studied and described.16. More recently, however, it has become apparent that the biochemical defect need not be severe enough to cause manifest hypothyroidism. In fact, the compensatory hypertrophy and hyperplasia of the thyroid may enable the gland to produce normal quantities of thyroxine. In that case, the only manifestation of the inborn error is a goitre which is not clinically distinguishable from any other type of simple goitre. Like other goitres it is initially diffuse, but with the passage of time it becomes nodular. The best example of this type of euthyroid goitre, caused by an inborn error of metabolism, is to be found in the group of cases in which it is associated with congenital deafness. The first cases of this type were described by Pendred'0 in I896 and are most conveniently referred to by his name. Persons afflicted with Pendred's syndrome are usually euthyroid, but may be hypothyroid.
The goitre usually appears in middle childhood, histologically shows marked hyperplasia and has an inveterate tendency to recur after a partial thyroidectomy. The deafness is present from birth, usually symmetrical and most marked for high tones, and may be severe enough to cause deaf-mutism. easy to identify merely because the associated deafness provides a convenient ' marker.' We can, however, from a study of Pendred's syndrome, deduce certain characteristics of a goitre due to an inborn error of metabolism, which should enable us to suspect this type of defect even in the absence of hypothyroidism. These are the presence of marked histological hyperplasia, a tendency for the goitre to recur after partial thyroidectomy and the occurrence of goitre in the patient's sibs. Any of these features should suggest that detailed biochemical studies of thyroid function might be rewarding.
The identification of goitres due to inborn errors is not merely an academic exercise, for even in the absence of hypothyroidism treatment with thyroxine is well worth while. This treatment is effective in reducing thyroid size, provided the goitre is still in the diffuse stage. Even when it has become nodular (as is usually the case in adult subjects) it is very probable that treatment with thyroxine will prevent further growth of the goitre. If a nodular goitre of this type has to be dealt with by partial thyroidectomy on account of pressure symptoms it is essential that the patient should be treated with thyroxine subsequently to prevent recurrence. Hence it can be said that thyroxine (or thyroid extract) should be given to any patient with a goitre caused by one or other type of inborn error. This therapy should be given whether signs of hypothyroidism are present or not, and should be maintained throughout life. The best guide to dosage is to find the smallest dose which will completely inhibit radio-iodine uptake. Our practice is to start with i-thyroxine O.I mg. daily (a more reliable preparation than dried thyroid) and to measure 1321 uptake after about a month. If uptake is still present the daily dose is increased by o. i mg. per month until suppression is achieved. Biochemical Aspects A simplified version of the main pathways of iodine metabolism is shown in Fig. i later by 400 mg. of potassium perchlorate or by i g. of potassium thiocyanate. If the concentration of labelled iodine within the thyroid is measured by serial counting over the gland, a sharp fall in thyroid counting-rate following the administration of perchlorate indicates that an appreciable proportion of the radio-iodine was in the form of iodide (Fig. 2 ). This in turn shows that the thyroid's capacity to oxidize iodide to iodine is severely limited. When this defect occurs naturally it is generally presumed that the oxidation enzyme (' peroxidase') is absent or inadequate. In the cases described as goitrous cretins by Stanbury and Hedge13 it seems likely that the enzyme was entirely missing, for all the radioiodine could be discharged from the thyroid. However, incomplete defects of the same type (without cretinism) are much more common; a partial discharge of radio-iodine following perchlorate is a characteristic feature of Pendred's syndrome.3' 8, 9 It should be noted that the same type of biochemical defect can be induced temporarily in any type of subject by thiourea derivatives, or other anti-thyroid drugs with a similar action.2 9,17 Hence it is possible that the inefficiency of the oxidative enzyme in Pendred's syndrome might be the result of a circulating metabolite, having a thiourea-like action, rather than to an actual deficiency of the enzyme itself. This hypothesis is not as yet supported by any direct evidence. A defect at site B in the diagram is much more difficult to identify by current techniques. Here it is supposed that mono-and di-iodotyrosines are formed in the normal way, but are unable to couple together to form tri-iodothyronine and thyroxine. A fundamental difficulty is that we do not know whether a specific enzyme is required for this step or not; the coupling of di-iodotyrosine derivatives can occur in vitro in the absence of enzymes.11 It will be obvious from the diagram that a defect at site B will be revealed by a ' build-up ' of mono-and di-iodotyrosines within the thyroid. This indeed occurred in the two cases in which site B defects have been postulated.156 18 Unfortunately, a similar build-up of iodotyrosines is also seen in site C defects. There is therefore no critical test available now for the identification of site B defects.
Site C defects, due to absence of the deiodinating enzyme, are more securely established, but some puzzling features still remain unexplained. The existence of an enzyme which specifically de-iodinates mono-and di-iodotyrosine ' marker' in the form of congenital deaf-, ness makes it possible to form some estimate of the population frequency of this condition; this is of the order of I 5 to 30 per million. We cannot as yet assess the prevalence of other types of inherited thyroid defect, and it may well be that there are others still to be discovered. It is, however, unlikely that the sum total of inborn errors of metabolism will ever account for a substantial proportion of simple goitres. The main reason for this inference is that such goitres rarely recur after partial thyroidectomy; hence it is unlikely that the thyroid is under the constant T.S.H. stimulation, which is the inevitable sequel of a block in thyroxine synthesis. It is of some practical importance to be able to recognize goitres due to inborn errors, because they are so readily controlled with thyroxine. The main interest of these conditions is, however, that they provide an opportunity for studying the long and complex sequence of events which leads from mutant gene to specialized enzyme.
